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(57) A mettiod and appawtw far conliol of a toed 
motor for an opJlcdl disk reproducfng/^ecorcflng devloe. 
)f th$ corlt^ of an ot^scth/e lens deviot&ft frc^ the opti- 
cal ^ boyond a idf^dolern^hed Iev8l> a &t^ng motor 
110 drivan t?y cttgHa' puM movos ihe optical pickup 2 
so tlttt thfi dortadon dacreaitaa, 8}ncft ttto st«p|){ng 
motor 1 10 is pfficisoly oonWHiaWa b/ the drive puteea. 
stable Iraddng capebttfty » atfainable even in the ca«a 
whera cpemifng environment such d« tetmperature 

FIG. 3 



chanaea^ the method In accordanda with ttm prefiank 
lywenSon conrY^iisea the stepa of detectSna the distance 
Mwaen the cantar of an obfeclnfa lens and an optical 
asds, checking wheiMr the detected distanca excaae^ a 
praacrS>6d ranga. and chaitaing the msgnitude of each 
driva fiionat by a mkxostep depancUng upon the check 
laaift and applybig the drive aignala io a aiod motor for 
an opSeal pfcla4>2 contadning ihadtHaclive lane. 
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[D001 ] The preseni Irventioii f cilatGC to q mQthod tor 
servo comro) o< an optfca) cHsk reproducirtgA'ecordJng 
devica, and more particularly to a motfiod for conird Of s 
9 ieed motor for an optical di6K reprodudng/iw>rcSng 

{(i002} Shown in PIQ 1 is a general optical dtsk 
reproducioo dfivice, comprisins an optica pickup 2 lot 
reproducina rooirdad stgnals froman optical disk 1, an w 
R/r unit 3 for outputAfig servo diror slgnats end binary 
signal^ throufiih combining signals reproduced from the 
optfcal disk ll3y the opb'ceil pkkup S. a syndmmixaiton 
unit 7 for orea^g a ctocK s^sl synclvonizdd wrth the 
buiary data outpulted fromlho IVF unit 3. a digital signal is 
processing unH 4 for processk^ the tanary ddta etrdtfn 
recdKrea from ihe R/F ur^ 3 to retrtwa digHai data using 
the synchroni2dtion dodc a sled motor 11 for moving 
the optical pickup 2 in the racKa} dir»ctton« a ^ci^e 
fnotor12f()rrotelinQthooptkwidisk1,adrlver816rdrf^ «> 
rng tha eled inotor 1 1 and the spuidid motor 1Z. a servo 
unit 5 tor provrding cor«rol to the driver 9» and a 
microcomputer 9 tor euper vising overall operation of the 
servo vn\t 6 and ^ digital signal processing unit 4. 
10003} Oce the optical disk 1 inserted Into a d(sk 2$ 
tray, which is a part of the optical disk reprodudng 
devrice mechanisr^. the optical dak l is damped by a 
claniping devicSv 7?«n, coniroUed tiy the sen^o unit 6, 
the driver 8 pravkias the S|3fndle motor 11 with electric 
cunrent, therekjy rotafihg ttie optical disk 1. Provided do 
with DC voftege by fh& <slWm S, the sled mow ii 
moves the optical pkkup 2 to a predetermined initial 
position. 

{P004I To reproduce signals recoivled on the optical 
disk 1, the optical pldop 2 with a laser diode and photo ^ 
dkxies installed in it» form^ a laser beam spot on the 
recording layer of the optical difik 1 by irracfiatfng a laser 
baam from the las^ diode. The tas^ beam reflected 
from the optical dJd? 1 is ccflected by the photo dkxlee 
and converted into electro signals. A tracking error sig- 40 
nal is generated ^'om a comUenation of the eleetric sig- 
nals vn ^e R/F urttt 3- Using the tracking error signal, the 
servo unit 6 creates trsckjcig control Inpu to make the 
laser beam ^wt toRow a target track. The control irput 
is BppSed to thedrivorBIM^o^eB electric cuneni tor 4S 
the tracking tictuatcr which moves an ot^ediva tens, 
COOOSI As the tracking actuator moves the oMscilvd 
lens in the radial djrectior>» tiie center off the obaective 
lens begins to deviate from the optical axis, whkd) cre- 
ates offset voltage in the tracking emor. Therefore, a so 
low-pasB filtered tracking enror signal indicates the disr 
lance between the center of the o&|8Ct^ lens and tho 
optalakls Thesledmotorll rGCcnfroKedtDmovathe 
opiicfti pSdojp 2 In such a way that me rnaipi^de of the 
earner error decraasafi if the deviated cSstanoe has just 
approached to the maximum operating mnga of the 
tradgng actuator. tiierat>/ moving (he optical pickup 2 
toward the optfca! axis. 



[0006] The sen^ unit 0 creates control input tor the 
DC eled motor 1 1 based on the ncwninal model of the 
sled motor t1. The characteristics of the sred nvtor 11, 
however, may dtange as the operating environment 
such as tenperature varies, ff sOi the required contr&l 
eocuracy tor the sled motor 1 1 may not be attainable, 
though the servo ur^ 6 works as designed m this case, 
the ol:4ective lens is not positk^ted around the optical 
axis as shown Fia 2, wNc^i implies that the operatnig 
range of the tracking actuator camot be fully utilixed or 
may result in tmc^g failure in Ihe worst ca&o. 
[0007] It is an object of the present inventton to pro- 
vkle a mathod and apparatuo for servo control of an 
optteal disk recordtngAeprockicIng device* capable of 
maintaining the cetiter of ^ object lens around the 
optical axis wltMn a prescribed range. 
[D006] A method for servo control Of an Optical cfsk 
reprodudngAecorcfing dc'vica In aocx3rdaru;e with iha 
present invention comprise the steps of detecting the 
dl^rv:a bfiftween the cerrter of an objective Isns and an 
optical axis, examining whether the detected d'^arx/B 
exceeds a presalbed range, and changing the magr^ 
tudo of each drive signal iTy a microst^ depending 
upon the exambiaiton result and applying the drive sig^ 
nais to a sl^ motor tor moving an opftoal pickup con- 
takiing the objective lens, 

[0009} An apparatus for servo controf of on optical 
disk reproducing/recQrcfing dairioe in acoordcuioe with 
tf)d present invention conrvrisas datectkm meana lor 
detecting a signal bicticatfva of ihQ distance between iha 
oianter ot an obiectiva lens and an optksal axis, detemi^ 
nation means for detemnrwig the directkm to which tha 
center of tfie ob}eci}ire lon$ d^to^ from tha optical 
axis and the magnitude of tha dev^atton, control means 
tor changing the magnitude of each cfrlve eignsl by a 
mk^ostep depencfing L^n the determination rest^t and 
outputting the drive signato, arxi drive means fpr driving 
a ^ed motor for nKiving an optical pickup contalr^g ttta 
objective ler« in response to the drive signals. 
[0010] In the present inv^oh. the distance 
between the center of the c^actrve l«ta and t^ie optk»l 
axis is estimated while reproduction of recorded data is 
pertormed. If the estimated distance exceeds a prede- 
t^nrined range, drive pulses are applied to the eteppoig 
motor« ttiereby moving tiie op^ pidotp in such a way 
that the distance decreases. 
[POtl] The occonpanying drawings, which are 
included to pro^ a further understanding of tiie inven- 
tida iBustrate the praferrad ennbodlmQnts of tha inven- 
tion, and together with the deacrlptioa sarva 10 e^ain 
tha princtptaB of tho prsaant inventton. 
0)012} In the drawings: 

FIQ. 1 is a block diagrftm of a general optical disk 
reproducing apparatus; 

FIO. 2 is a pjctoriai view of a DC component of 
Servo ^ror signal repreeantfrig a center enor of an 
objective lens; 
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FIO- 3 le a btock cfiaoraiT) of an epical cfisK r epro- 
dudnd/recofdino wanilus eotwdylng the pf feftent 
fnventiof}; 

HQ. 4A Is a ikf^ (fia^m tor roprodiicing data from 
an optical disk; ^ 
FIQ. 4B te a fiow rfia9ranri of the interrupt service 
routine of the method m dccorcfence wHh the 
prd&ent invarTtton; 

FIO. 5 Is a pictwial view of the position of the objeC- 
tiv© lens controlled by the mcmod In accordance i^ 
with the present inventJof^: 
FIG. 6 is a pictorial Vtew of a DC con^onenl 0* 
^rvo error sionfll representinQ a cemer error of an 
obldctK^e ier» »rt accoKlanca w»» the prftften* inven- 
tion: and 

FIGL 7 Is a piciorial view of an exampia of drive Big- 
nala ip be appiiod to a 2-pha$« ateppinQ niotor for 
«wv*noartop«MdpiGhup. 

[OW33 In order that the Invertiort may be fu»y » 
underatood. preferred eirtaodlmwts theraof will now ba 
described »Ath reference to the aocompanying dtBiff 
Ings. 

10014) FIG. 3 ia an opfical dtek repwduc^ofreeord* 
*modflwteeln>whfchthepfeeantlrrffiirtionitiaybeadven- as 
iaoeoufily pradkieA The DC sled mnot u shewn in 
Fia 1 le replaced wfih a a^aaa stepping motor ilo 
and ttdrtvw fl oortialns a stepping itietor drive unrt 80 
¥vhl6h r«ve pitfees forthe eteppinjj motor 110, A 
n^cfocomputer 1 9 dlj^oe T+ and T- s^jnals. which are 30 
appled Id an acbiating cofi f ron> the <*rTvef 8. «xl exe- 
cutes an Intemjpt 8enri*5e routine for controftteiQ the 
portion 0* the optical pk*up 2 oeing tha m^mnd 
and T- eionata at intervals of T 

{jms] The method for servo contfot of an optical «5 
disk reprotkjdna/jrecordBig dewje in accordance wtth 
the present invention will be exptalned r^ence to 
Fia 3 and FIGS, 4A and 48, 
[001GJ H an Optical <£sk 1 la Ineened ($10). the 
mtorocomputer 1 9 aeie an interrupt trtervaf T end ena- 4q 
Nee an Werrupt tor controHing the cMd motor 110 
(SSiO). Subeeqoen^. driven by a driver 6 a epindle 
motor ia sStftato rOFiate aia ^n speod. Hie stepping 
mrtor dri^ unll 80 begins to output tour pulse trains of 
A, B,AV and Biphase driving signals, wherein A and B 4* 
phase are 90* diftereni eech other and A\ and B\phaae 
are 1 80* different from A and S phase, raspectiv^ Th« 
roiatton speed and direction of tfie siepping nxrtor 1 10 
can be cortKrfled by changing the phases and ampfr 
tixfe of the two excitation phases, the eifipping motor so 
no movee the optical pldo^D 2 to a prpdetermtned ini- 
tial posHton (S30>, 

1001 Tl Wiile rs^oduci?^ recorded data from the 
optica! dIsK 2, the microcomputw 19 executes the Inter^ 
rupt service routine for oontroHing the position of the ss 
optic^i pickup 2 at intervals of T 
10018] Upon entering the Intefn^rt sen/ice routine, 
the miorocofivutcff 10 d^^^ the T+ and T- algnale 



outputted irom the tfrn/er s <S3l) and obtains the differ- 
ence value bstwe^ the Ji- and T- signals^ Then, the 
intorocwnputer 19 add the obtained difference value to 
a total difference accunoulated till then and eslSmates 
ihe distance between the center of the otjjoctiv© lens 
and the optica) asds from the atxumufated difference 
(832). The microcomputer 19 checks wnether the devl- 
aljon romains wHhin a threshold range shown In FIO. 6 
(S33). If it Is corrfinned ttiat the deviatton exceeds the 
threshold ratigo (S3B), the micnscomp^^Br 19 checte 
ttie d'rection to which the ok^ect lans deviates from the 
optical axis based tpon whe^er the accumulated dit^- 
enoe is poeltfve or negatii^ ($37>. 
{OOld] K the deviated <fireciton detected at present 
is the same as the dewteted cfirection detected in me 
prsvidus execution ol the interrupt sendee routmo, the 
fnicrocomputer id changes excitation phases A and B 
as shown in Fid 7 so that the stepf^ motor 110 
cotatee by a micfostop in the same cfirection as in the 
previous nticrostep rotation (S3e), For Bxatrnprfe in FIG- 
7. the magnitude of the e?(CitatIon A deasases by 
a microstep^ whUe the magnitude of the exdtafion phase 
8 tncreasss bFy a mic^tep so ttiatthe optical ptcfcup 2 
movee in such a way that the center 01 the oblective lens 
moves f^om the current position 0 in FIGS 5 and 6 
towaid the optical axis. 

[0020] In this embodirT>ent. $t Is assurm&d that mtat- 
ing the Btepfsng motor 1 10 by a maanostqp makes the 
c^tcel pctajp 2 mpvG by 144 tfacks and a macrostep 
pulse Is cfivided into 9 mloostep Iwela. Hence, the dte- 
tsnce due to a mfcrostep notation amounte <p 1 8 tracks. 
pi02il While the <^tical pickup 2 movesty dilvo 
pules given by the ntoocompuler 19. the een» unit 6 
continues control of the Iraching actualor bq that the 
laser bean is positioned on a target trade wtthin an 
a%M»bleerror. 

PD221 M the (Erection of the deviation corrfim^ m 
step S37 Is oppositB to the direction of the previous 
stepping rttoior fotefion. the microcomputer 19 outputs 
ttccHatfon phaeee A and 8 pi^es so that Oie stepping 
motor rotWes by a mtarostep In tha o;^>osite fraction. 
For es^mple rn FIO. 7, the magrBtuOa ot each of the 
exdtation phases A and B changos by a n*:rost6p in 
the du'edfen of (B) so that the optical pfcK^p 2 nxwes in 
such a way that the center of the o^octive tens movee 
fiom the current portion® &i FIGS 5 and 5 tcw»f«<d the 
optical ajda as shown In (S> of FlQ 5. After oonAidlng 
^e prooedt^e. the mlcrocomput^ 19 finishes the Inter- 
rupt service routina H tt» deviatton remains within the 
prescribed range in step S36, the microoomputer 19 fin- 
ises the Intern^ sarvice routine without changing the 
excitation phases A and a 

(qo«S31 The position control of the op^plcKup 2 16 
performed St inteivalB of T by the intemipt senrfce rou- 
tine (S31 - S30) while the recorded data »$ f epiwJucsd 
from the optical pickup 2. When the data readoirt mode 
finishes (340), the mtern^rt eervic© rouflne Is disabled 
{S50). 
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[0024} In pfd&ent invQnUon, a stopping nKTtOr i« 
used as \m sled motor for mcMiig th© c^ticai picki^. 
Since me stepping motor 1^ precfieftfy confroilaWe by 
drfve ptflSGts. steible tracking cap£±rifity is attafftabta even 
in !ho case whors cperatfna efwirom)enl sjuch as tevn- 
peratura changes, hi acidition, the ertiptoyment of the 
stepfMPg motor miiJses me 5l»da structure simp*e and 
enabldd ^ pidmp sliding oontrDt throii^h a control pro- 
gram Instead of a hardware such m& a DSP dtfp fcar nor- 
mal piaybdcK. 



1 . A me8icx:f for fi«fvo control of em optica) di«K repfo- 
ducir>9fr«coidino device, comprising the etspo of: rs 

(ft) d«tKHing th$ <^nc« b«tw^ 1h« CWttOf 
of an otoleah^e ten* and an optical axi^; 
(t>) chdcWng whether the detect«d dmtanod 
axCGGds a prodetermined range; and 20 
(c) changing the magnitude of Q&Cii dfive CR^nal 
by a mtcfostep depwKling gpon tno <?ieOk 
r6S4jh And appTying the d^rve 6{Qnal& to a sM 
mptor lot moving an optical pld<up contsdnino 
m^ot^QoDvelens, £5 

2. The mrthixJs« forth ir» daim l.whara&ithtt filed 
motor id a stepping motor. 



3. The method sat fortilhdafmd.wherein* the drhre 
»gnais c^o 4-|3h&se s^hels and the level of two or 
all of the drive eignalB incroasfis Or decrftBSes by 

eaid mH7oslep> 

4. Thememod eetforih ln(felrrs 1, 2or3, wherein 
sek) eteps (a) thrxH^jh (c) are r^eatodty GDcecukfid 
at tntervats of a preserved pedod, 

9. TTie method set forth In ar^ of claims 1 to 4« 
wherarn eafd etap (b) detects the direction to which 
tfw oantar of the ok^ecto fena deviatee item the 
cptical wa& andeaki step (c) ot^ptits the drive sig- 
nate far moving the opkkiat pfekjp in the detected 
direction to reduce the deteei«d dtetance, 

6. The method eet torth in any of didma 1 to 5, 
wherain the predetermined range is between imto 
vahiaa having the same magnitude but oppoeile 
aigne. 

7, The method eot «orth in any of daima 1 to 6, 
wherein said mieroatep is leae than an aitowabta 
maximuim ampBtude or the drh/e eionai. 

B. "Iho method set forth in dalm 7, wherein said micro- 
step Is 1/9 of the aJtowablQ maximum air^^ude 

9. An apparatus for eervo controi of an optica disk 



reproducjng^ecordinp devicaL compriGing: 

detection meane tor detectJr^ a signal indlca* 
tive of the distance between the cerrter of an 

S objective) lanfi and an optical Axit: 

determination means for determining the direc- 
tion to which the center of the objective lens 
d^JviatEss from the optical axis and th& magni- 
tude of the deviation: 

Tff control n>eans fbr cf^an^g the ma^^iitude of 

each drive ei^t^Bl by a microeiep depending 
tjpon the determinalicm re^vrft and outputting 
the drive aignate; and 

d^iv9 mear^ tor driving a sled motor to move an 
optical pickup contairang th© ot^edive lens in 
responee to vna drive signaia. 

ia The apparatue setlorth in dalm 9, wherein the atg- 
nat indicauve of the distance between the oemer of 
the obiiectivBierte and the optical aj(iefe&tow-i>aes 
fStered tracKb^ enor signaL 



3t> 



$5 



40 



11. TI10 apparahjs eet loih In daim 9 or 10. wherein 
said control rheans converts the drive ei^als into 
conreeponding analoo eignale and appliee 0te ana- 
log eignals to aald drive means. 

12. Tho apparatus set terlh in daim 9^ 10 or It, 
wharein the $1^ motor is a ^eppkig motor. 

13» The apparatus Set forth in e^m 12, wherein the 
drive signals are 4*pha5a signaie and the sled 
motor rotates by changnis lha ievai of the 4-ph8fie 
Glgnala by aaki imteroaitepu 

14. The af^>amtue eet forth in any of dalms » to 13, 
wherein said contr^ means changes the drive si9- 
nais vrtwn the deteotod dielarKa exoeeds a prede- 
tennnod range. 

1$. The apparalua aet iMih in ariy of dalma 9 to 14, 
wherein each of the drive efgnata haa a level which 
Iff orw Of a plui^ty of prBdoteriruned fevefeb 

The apparatus set fbrtii In claim 15. wfiereih the 
number of the predeienrhined levets Is 9. 

17. Ttis Ef3par&tus set forth in any of claims e to IS. 
wherein said miaoef^ ie Idsa than an allowable 
maMlmum ampBtuda of the drh« signal. 
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FIG,4B 
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